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iv EnvironmEntal impact of insulation 

GlossarY
�
Allocation: sharing the input or output flows of a unit 
process to the product system under study. This may 
need to be done where a manufacturing process results 
in products and co-products, for example, steel and slag. 

Ecopoints: (as used in the BRE Environmental Profiles 
methodology) the normalised profile values are multiplied 
by weighting factors developed for each impact category 
and the results summed to give a single figure. 

Environmental impact category: environmental 
issue being examined, eg climate change, acid 
deposition and human toxicity to air. 

Environmental profile: the level of impact in 
each environmental impact category for the 
functional unit or product being studied. 

Functional unit: a qualitative description of function 
specifically defined for the product/service under study 
and any alternative products/services to which it is 
compared. The use of a functional unit means that 
the alternative designs under study are, in theory, 
compared fairly. For example, a comparison of external 
walls may be based on every external wall design in 
the study achieving a U-value of 0.3 W/m2K and 
compliance with building regulations. 

Input: material or energy that enters a unit process (can 
include raw materials and intermediate products). 

Intermediate products: material that has already been 
processed before being used to produce a product. 

Life cycle: consecutive and interlinked stages of a 
product system from raw material acquisition or 
generation of natural resources to the final disposal. 

Life cycle assessment (LCA): compilation and evaluation 
of the inputs, outputs and the potential environmental 
impacts of a product system throughout its life cycle. 

Normalised profile: The characterised profile is 
referenced to the environmental impact for each 
category at the national or global level in one 
year (usually for one citizen), giving a ‘normalised’ 
profile; the values are directly comparable. 

Output: material or energy that leaves a unit 
process (may include raw materials, intermediate 
products, products, emissions and waste). 

Raw materials: unprocessed material 
that is used to produce a product. 



 

 

 
 

 

  

  
  

  
 

  
   

 

  
 

  
 

 

  
 

  
 

11 introduction 

1 introduction
�

The thermal resistance provided by insulation materials 
used in the building fabric means that the energy savings 
from insulation made during the operation of the building 
far outweigh its embodied environmental impacts. Also, 
insulation products tend to have a very low density and, 
therefore, when reviewed in a building context, only 
relatively small masses of materials are used. However, 
if insulations are not assessed with a whole-building 
life-cycle approach they may not appear to be an 
inherently low environmental impact material, because of 
the resources and energy used during manufacture, the 
use of blowing agents and the lack of reuse/recycling at 
the end of life. 

It is, therefore, important to take a whole-building 
life-cycle approach when looking at insulation materials, 
which is the approach that has been taken in BREEAM[1], 
where the benefits of insulation allow significant energy 
credits to be gained, and the use of low-embodied-
impact insulation is covered by materials credits through 
the use of The Green Guide[2]. 

This report has been produced as part of a series on 
the environmental impact of materials and The Green 
Guide to Specification[3]. Many of the other reports in the 
series focus on particular materials, and provide more 
specific information in each case; these may also be of 
value when considering the environmental impact of 
insulation. 

This report provides a review of how insulations 
have been assessed within the current Green Guide, 
including the application of the Environmental Profiles 
methodology[4] which underlies The Green Guide. The 
way in which insulation is addressed within building 
level environmental assessment schemes such as BREEAM 
and the Code for Sustainable Homes (CSH)[5] is also 
explained. 

This report aims to provide manufacturers and 
specifiers with a general understanding of the significant 
benefits and impacts of insulation products over their 
whole life cycle and to identify opportunities for 
improvements to the environmental performance of 
insulation. 

1.1 sEctor ovErviEw 
The Green Guide aims to cover a range of the most 
common types of insulation used in the construction 
industry, and was based on the availability of robust Life 
Cycle Assessment (LCA) data at the time. The following 
insulation types are covered by The Green Guide. 

mineral wool insulation 
•		 Stone wool insulation: conductivity 
0.035–0.045 W/mK, density 30–160 kg/m3 

Stone wool is made from volcanic rock, typically 
basalt or dolomite, and a proportion of recycled post-
production waste materials, which are melted, spun 
into fibres and then mixed with binder. Process waste 
can also be recycled back into the product. Stone wool 
insulation can be blown into a cavity, or installed as 
batts or within composite panels. 

•		Glass wool insulation: conductivity 
0.031–0.040 W/mK, density 10–80 kg/m3 

Glass wool is made from sand, limestone and soda ash, 
with a proportion of recycled glass and other minerals. 
These are melted, spun into fibres, and mixed with 
resins which act as a binder before curing into 
products. Process waste can also be recycled back into 
the product. Glass wool insulation can be blown into a 
cavity, or installed as batts or within composite panels. 

other mineral-based insulation 
•		Cellular glass insulation (foamed glass): conductivity 
0.038–0.055 W/mK, density 100–200 kg/m3 

Cellular glass insulation is manufactured from crushed 
glass that is mixed with carbon and heated to 1000 °C. 
The heat causes the carbon to oxidise to form the 
characteristic bubbles. Process waste can also be 
recycled back into the product. Cellular glass insulation 
is installed as slabs. 

non-renewable organic-based insulation 
•		 Expanded polystyrene (EPS): conductivity 0.034– 
0.038 W/mK, density 15–30 kg/m3 

Expanded polystyrene (EPS) is a rigid, open cell form of 
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polystyrene blown with pentane. It is a thermoplastic 
polymer, so can be reprocessed and recycled more 
easily than thermoset polymers. Most process waste 
is recycled but there is limited recycling of post-
consumer packaging. 

•		 Extruded polystyrene (XPS): HFC blown, conductivity 
0.029 W/mK, density 35 kg/m3 

Extruded polystyrene is a closed cell thermoplastic 
polymer blown with gaseous blowing agents without 
ozone depletion potential, generally HFCs (in the 
UK) or CO2 (within Europe). Process waste can also 
be recycled back into the product. It is often stronger 
than expanded polystyrene, with a higher mechanical 
performance and it is water resistant. 

•		 Rigid urethane (pentane blown) conductivity 
0.023 W/mK, density 32 kg/m3 

Rigid urethane (PUR) is a closed cell thermoset 
polymer which can be created as rigid foam, using a 
blowing agent. Polyisocyanurate foam (PIR) is a variant 
of PUR (the ratio of the polyol and isocyanate 
co-polymers differ). 
Within The Green Guide an average of manufacturing 
data for both PUR and PIR has been used to model 
this insulation product. Rigid urethane blown with 
pentane has been modelled for The Green Guide, but 
HFCs can also be used as a blowing agent, although 
this type of blowing agent is rarely used in the UK. 
Rigid urethane insulation needs to be blown between 
two surfaces – a range of products such as paper, foil 
and plasterboard can be used – or it can be blown 
between metals sheets to produce insulated composite 
panels. 

renewable organic plant/animal-derived 
insulation 
•		Corkboard insulation: conductivity 0.042 W/mK, 
density 120 kg/m3 

Cork insulation boards are a by-product of the bottled 
cork industry. Waste cork is shredded and boiled to 
release natural resins which are used to bond the 
granules into boards. 

•		Dry blown recycled cellulose insulation: conductivity 
0.035–0.036 W/mK, density 24 kg/m3; and wet blown 
recycled cellulose insulation: density 45 kg/m3 

Cellulose is made from recycled newspaper, which has 
been treated with insect and fire resistant chemicals. 

•		 Sheep’s wool insulation: conductivity 0.039 W/mK, 
density 25 kg/m3 

Low grade wool from hill sheep, ie wool that is not 
suitable for textiles, is used for insulation. The wool 
needs to be scoured, requiring energy and water, 
and the resulting pesticide residue from the sheet 
dip needs treatment. Binders and polyester fibre are 
required, as well as chemical treatment to prevent 
moth attack. 

•		 Straw bales used as insulation: conductivity 
0.15 W/mK, density around 160 kg/m3 

Straw bales are an agricultural waste product, using 
straw from cereal crops which can be tightly bound 
together with twine or wire to form straw bales. Straw 
bales can then be built into a wall using stakes to 

fix the bales in place. Straw bale walls are typically 
finished with lime plaster. 

•		 Strawboard thermal insulation: conductivity 
0.081–0.10 W/mK, density 420 kg/m3 

Strawboard is manufactured from waste straw and uses 
a continuous extrusion process of heat and pressure 
that fuses the straw using its internal resins. An external 
surface, such as paper, is bonded to the straw to 
produce the final straw board. 

A description of the insulation types not covered by The 
Green Guide is listed in section 6.3. 

1.2	� historical and GEoGraphical 
chanGEs 

use of insulation 
The use of insulation in the existing building fabric has 
increased quite dramatically over the last 40 years. 
In 1974 only 42.5% of lofts and 2.4% of cavity walls 
were insulated. By 2001, these figures had increased 
to 93.5% and 32.3%, respectively[6]. The thicknesses of 
insulation in new buildings has also increased through 
the implementation of national building regulations, 
for example Part L in England and Wales[7], with typical 
U-values decreasing from 0.45 W/m2K for walls and 
0.25 W/m2K (pitched roofs, uninhabitable space) in 1995 
to 0.3 W/m2K for walls and 0.16 W/m2K (pitched roofs, 
uninhabitable space) in 2006. 

ozone-depleting blowing agents – cfcs and 
hcfcs 
Detrimental impacts from stratospheric ozone depletion 
through the use of certain blowing agents have been 
recognised as a significant environmental issue associated 
with foamed insulation, particularly chloro-fluorocarbons 
(CFCs) and hydrochloro-fluorocarbons (HCFCs). Chloro-
fluorocarbon use was addressed by the Montreal 
Protocol[8], the international treaty designed to protect the 
ozone layer by phasing out the production of a number 
of substances believed to be responsible for ozone 
depletion. The treaty was opened for signature on 
16 September 1987, and entered into force on 1 January 
1989. 

http:0.081�0.10
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The use of their replacements, HCFCs with lower 
ozone depletion potentials but still with significant 
global warming potential (GWP), was addressed by the 
Regulation on Substances that Deplete the Ozone Layer 
EC 2037/2000[9], which resulted in the phase out of 
HCFCs in foam insulation for construction within the EU 
by the end of 2003. 

Both BREEAM and EcoHomes had credits to 
encourage the use of blowing agents with zero ozone 
depletion potential (ODP) when it was still legal to use 
blowing agents with ODP. 

hfc blowing agents 
Hydrofluorocarbons (HFCs) were developed to replace 
HCFCs, having no ozone depletion potential (ZODP), 
although they still have significant global warming 
potential (GWP). The use of HFCs as a blowing agent for 

rigid urethane insulation foams manufactured in the UK is 
now minimal due to their GWP, with pentane being used 
instead. However, they are still used to a limited extent in 
some special applications where there are no technically 
suitable alternatives. HFCs are also still used particularly 
for extruded polystyrene (XPS), as they give increased 
thermal resistance to the foam. In mainland Europe, CO2 

is more commonly used as the blowing agent for XPS. 

1.3 rEcYclEd contEnt 
The WRAP reference guide, Choosing construction 
products; guide to the recycled content of mainstream 
construction products[10], identifies three levels of recycled 
content for different insulation products: standard 
practice, good practice and best available. These are 
reproduced in Table 1. 

Table 1: Standard, good and best practice recycled 
content (Source of data: WRAP reference guide[10]) 

Insulation type Recycled content (as a % of mass) 

Standard Good Best 

Mineral wool 25 50 50 

Glass wool 30 50 80 

Foamed glass 66 

Cellulose fibres 80 85 100 

Polystyrene expanded (EPS) 0 25 25 



   

     
    

 

 

 

      
  

    

 

 
 
 

     

 

4		 EnvironmEntal impact of insulation 

2	� lifE cYclE assEssmEnt, EnvironmEntal 
profilEs and thE GrEEn GuidE 

In 1999, with financial support from the UK Government 
and the support of the construction products sector, BRE 
launched the Environmental Profiles scheme. The scheme 
covers the Life Cycle Assessment (LCA) methodology 
for construction products (known as Environmental 
Profiles)[11], and includes LCA data for over 80% (by mass) 
of UK construction materials provided by industry and 
assessed by BRE. 

These data have been used to inform the 
manufacturers of construction materials, through post-
assessment Environmental Profile reports, by showing 
the source of their impacts, and the wider construction 
industry through The Green Guide to Specification, 
the BRE Environmental Assessment Method (BREEAM, 
www.breeam.org) and the Code for Sustainable 
Homes[5]. 

In 2002, a certification scheme was introduced 
to allow individual manufacturers to highlight the 
environmental performance of their products. Currently 
around 50 manufacturers have obtained Certified 
Environmental Profiles[14] for a wide range of products, 
including four insulation manufacturers and a number of 
manufacturers of insulated composite panels. 

In 2004, with support from the BRE Trust, a major 
update of the underlying LCA methodology was 
undertaken, reviewing assessment methods, normalization 
and weighting, and most aspects of methodology. For 
example, data selection, waste assessment and energy 
use, were reviewed through an extensive stakeholder 
consultation, peer review and new data collection project. 
This drew to a close with the release of the updated BRE 
Environmental Profiles methodology in 2007[4], the launch 
of The Green Guide online (www.bre.co.uk/greenguide) 
in June 2008 and the publication of The Green Guide to 
Specification 4th edition in 2009[3]. 

2.1	� Explanation of how thE 
updatEd EnvironmEntal profilEs 
mEthodoloGY has BEEn appliEd to 
insulation 

The information for insulation presented in The Green 
Guide was derived through a number of routes, including: 
•		 working with trade associations such as Eurisol and 

Exiba 
•		 using data from Certified Environmental Profiles 
•		 working with individual manufacturers 
•		 using LCA data from sources such as ecoinvent (the 

life-cycle inventory database), Plastics Europe (the 

European trade association for plastics manufacturers) 
or published EPDs or LCA reports. 

Wherever possible, generic data sets were modelled 
using information supplied by a range of manufacturers 
and manufacturing sites and are representative of the 
manufacturing activities which supply the UK insulation 
market. 

treatment of recycling and secondary inputs 
The use of recycled and secondary materials is accounted 
for in the BRE Environmental Profiles methodology for all 
materials, including insulation. 
Recycling can occur at a number of points within the life 
cycle. 

Production waste recycled within the same process: 
Where production waste is recycled within the same 
process, this is considered to be within the system 
boundary for the process, and the Environmental Profiles 
methodology considers no impact is associated with the 
waste material being produced or being used within 
the process. However, any recycling process required to 
enable this to occur will need to be included within the 
production system – if this occurs outside the factory, for 
example, then additional data would need to be collected 
to cover this process and it would need to be included 
within the product assessment. 

Production waste recycled into another process: Where 
production waste is recycled into another process, 
then impact is allocated from the production process 
to the waste on the basis of the relative fiscal values of 
the product(s) and the waste(s) to the producer. If the 
waste has no value, then no impact will be assigned to 
it from the production process. If the producer pays to 
dispose of it, then any impact associated with transport 
or reprocessing will be assigned to the producer until the 
waste has value again. The same procedure is used to 
assess the impact associated with the use of a production 
waste from another process. 

Secondary material recycled into another process: If 
secondary material from another process is produced 
or used, then the impact associated with the secondary 
material is again allocated from the production process 
to the secondary material on the basis of the relative 
values of the products (and any wastes) to the producer. 

www.bre.co.uk/greenguide
http:www.breeam.org
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The allocation procedure is, therefore, the same for both 
co-products, bi-products, secondary materials or wastes, 
irrespective of legal definition or otherwise. 

Post-consumer recycling (or end-of-life recycling ): Where 
it can be demonstrated that a proportion of virgin material 
is recycled at end of life (based on current evidence), the 
environmental impact of that proportion will be allocated 
between the first use and recycled use. Using the same 
type of economic allocation procedure as for pre-
consumer recycling, the impact allocation will be adjusted 
based on the relative cost of the virgin unprocessed 
material and the post-consumer waste arising. 

Of the materials used in insulation within The Green 
Guide, several are considered to contain recycled or 
secondary content. In particular: 
•		 Recycled cork: waste cork from the production of 

corks for wine bottles is used in the production of cork 
insulation. The impact associated with the recycled 
cork is based on the economic value of the waste cork 
relative to the main cork products. 

•		 Recycled wool: wool from hill sheep is used for the 
production of wool insulation. This wool has no value 
to the farmer (in fact it is a cost to him to have the 
sheep sheared and transport the wool), therefore the 
impact from the sheep farm is allocated exclusively to 
the meat production system. The wool only has impact 
from its scouring and any subsequent transport and 
processing. 

•		 Recycled glass: glass cullet from post-consumer 
recycling of glass bottles and jars is used in glass 
wool and cellular glass insulation. Consumers 
disposing of glass in recycling bins do not gain any 
income from this, so no impact is allocated from the 
primary production of glass to the recycled glass. The 
collection, transport and processing of recycled glass is 
all allocated to the process using the recycled glass. 

•		 Recycled newspaper: as for recycled glass, as waste 
newspaper holds no value to the person disposing of it. 

•		 Blast furnace slag: a by-product of the steel industry: 
impact is allocated to blast furnace slag from the 
production process of molten iron in the blast furnace, 
based on the relative value of the molten iron and the 
slag. Treatment of the slag and any transport are all 
allocated to the process using the slag. 

Recycling of insulation may provide some benefit in 
reducing embodied energy for the product using the 
recycled material, although this is currently mainly done 
for production waste and some construction waste, but 
not end-of-life waste. 

The percentage of material currently recycled at end 
of life, post-demolition for all insulations included within 
The Green Guide is listed as zero. Many insulation types 
are recyclable at end of life but do not currently have 
any recycling system in place for material recovered from 
demolition, though by the time the insulation installed 
today is likely to be recycled at its end of life, systems may 
be in place. 

treatment of renewable inputs 
A renewable input is an input material that can be 
replenished on a human time-scale[15]. It should be noted 
that renewable sources can be exhausted, but may last 
indefinitely with proper stewardship. 

Of the materials used in insulation within The Green 
Guide, only cellulose, wool and cork can be considered 
a renewable input. These renewable inputs have the 
benefit of sequestering (storing) atmospheric CO2 as 
carbon during growth and this benefit is included in the 
generation of Green Guide ratings based on the actual 
amount of carbon sequestered in the product in use. The 
CO2 will remain sequestered until the material decays 
or is burnt and some or all of the carbon is released as 
carbon dioxide or methane. 

End-of-life issues for insulation 
Many insulation types are recyclable at end of life, but 
do not currently have any recycling system in place for 
material recovered from construction, refurbishment or 
demolition. There is evidence that some insulation waste 
from construction is incorporated elsewhere within the 
building, rather than being sent for disposal. 

End-of-life models at construction, refurbishment and 
demolition stages have been generated for each insulation 
type based on the typical percentage of material going 
to each wastage destination, either landfill, incineration 
or recycling. For most materials, the impact associated 
with end of life is the disposal impact measured by 
BRE relating to the amount of material landfilled or 
incinerated. The BRE methodology also includes the 
emissions associated with incineration and landfill, 
including burning of landfill gas. For renewable materials, 
the end-of-life stage can have a significant impact if the 
sequestered carbon is released back into the environment 
through incineration or decay in landfill. 

At present, good models are not available for the 
specific decay of renewable insulations, so BRE have used 
the decay of timber within landfill as a generic model. 
The decay model of timber is based on data from the 
GasSim program developed by Golder Associates for 
the Environment Agency[16], and models the amount of 
methane and CO2 produced by timber in a typical landfill 
over 100 years, including the collection of landfill gas and 
its burning. Further information on this aspect is included 
in the report, Environmental impact of timber and bio-
based materials, to be published by IHS BRE Press in 
2011/2012[17]. 

For insulations using blowing agents, for closed cell 
insulations, BRE Global assume that the blowing agent 
is all released at the end of life, and if in landfill, that it 
will be collected and burnt in the same proportion as 
landfill gas. For HFC blown insulations this could account 
for considerable impact at the end of life if the foam is 
landfilled. It is hoped that as technology advances in 
the future there will be better methods of dealing with 
waste organic material in the UK, including HFCs, such 
as incineration with energy recovery, which is more 
prevalent in other European countries. 
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6 EnvironmEntal impact of insulation 

For each type of insulation listed within The Green 
Guide, the current end-of-life wastage routes and impacts 
associated with these routes compared to the cradle to 
gate impacts of the insulation are listed in Table 2. Trade 
associations and manufacturers provided the information, 
and where none was available BRE provided data. These 

data were made available for comment by industry during 
the update of The Green Guide and methodology, as part 
of the consultation process. This is an area where data 
and evidence have not been widely available and are 
subject to further research by BRE. 

Table 2: End of life waste destination routes and comparison of end of life impact with cradle to gate impacts 

LCA stage End-of-life waste destination (%) % of impact 
Insulation type end-of-life compared with

Landfill Incineration Recycled/Reusedimpacts from: cradle-to-gate 

Cavity blown glass wool Construction 22 
40 10 50insulation Refurbishment 22 

Demolition 90 10 0 43 

Cellular glass insulation Construction 6 

Refurbishment 10 0 90 6 

Demolition 6 

Corkboard insulation Construction 46 5 49 76 

Refurbishment 

Demolition 
75 8 17 

96 

96 

Recycled cellulose Construction 135 
insulation Refurbishment 100 0 0 135 

Demolition 135 

Expanded polystyrene Construction 21 
90 9 1(EPS) Refurbishment 21 

Extruded polystyrene 
(XPS) (HFC) 

Glass wool 
insulation 

Rigid urethane (pentane 
blown) 

Demolition 

Construction 

Refurbishment 

Demolition 

Construction 

Refurbishment 

Demolition 

Construction 

Refurbishment 

Demolition 

100 

90 

40 

90 

90 

0 

10 

10 

10 

10 

0 

0 

50 

0 

0 

19 

35 

35 

35 

15 

15 

30 

16 

16 

16 

Sheep’s wool insulation 

Stone wool 
insulation 

Construction 

Refurbishment 

Demolition 

Construction 

Refurbishment 

Demolition 

100 

40 

90 

0 

10 

10 

0 

50 

0 

32 

32 

32 

22 

22 

43 

Straw bale used as Construction 72 8 20 — 
insulation Refurbishment — 

75 8 17 
Demolition — 

Strawboard thermal Construction — 
insulation Refurbishment 100 0 0 — 

Demolition — 
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3 opErational impacts and 
thEir rElEvancE 

There is general agreement across the construction 
industry that one of the best ways to reduce the 
environmental impact of a building is the installation of 
thermally-efficient insulation materials in the building 
fabric to reduce the need for space heating (energy 
consumption) over the building’s lifetime. The operational 
energy savings derived from the use of insulation products 
in buildings outweigh the deficit created during their 
manufacture, installation and end-of-life disposal. 

In Table 3 data are provided on the typical annual 
CO2 savings from different uses of insulation. For a loft 
for example with 250 mm (10 inches) of insulation, the 
saving given is 320 kg CO2/year. Using a glass wool with 
a density of 48 kg/m3, this would equate to a mass of 
12 kg/m2, and using the embodied CO2 and typical area 
of roof, this gives an impact of just over 1 tonne CO2 

equivalent. In this case, after three and a half years, the 
insulation will have saved more CO2 than was used in 
its manufacture. As the insulation will continue to go on 
saving energy year after year, one can see that the impact 
of the insulation is, therefore, small in comparison with 
the energy saved. 

However, as the amount of insulation used is 
increased, the saving in energy tends to reach a 
maximum, as a zero carbon solution is achieved (in 
terms of space heating). At this point, the insulation will 
have maximum impact and operational impact will be 
minimised, meaning the importance of the embodied 
insulation will be greatest. This may suggest that the 

Table 3: Typical annual CO2 savings from a selection 
of insulation applications for a typical semi detached 
house within the UK* 

Type of insulation 
Typical annual CO2 
savings (kg) 

External wall insulation 2600 

Cavity wall insulation 750 

Loft insulation to 250 mm 320 

Internal wall insulation 2460 

Hot water tank lagging 200 

Draught proofing on windows and 160 
doors 

Hot water pipe lagging 40 

Floor insulation 340 
*		The figures are for an average semi-detached house (weighted by all 

fuel/heating types). It was set up to give a reliable national average CO2 

saving for each measure. These are the data for the ‘illustrative mix’ 
of measures that DECC produced as part of their impact assessment: 
http://www.decc.gov.uk/Media/viewfile.ashx?FilePath=162_200902191 
80610_e_@@_certpia.pdf&filetype=4. 

final thickness of insulation may have more impact than 
the energy saved. However, the reduction in embodied 
impact if no boilers, radiators or other heating are 
required must also be considered, and the embodied 
impact of thermal insulation is, therefore, no barrier to 
the move to the zero carbon solutions. 

mailto:80610_e_@@_certpia.pdf&filetype=4
http://www.decc.gov.uk/Media/viewfile.ashx?FilePath=162_200902191


   

        
 

         

 

  

 

        

 

  

  

              

 

 
 

 

8 EnvironmEntal impact of insulation 

4 linKs to BrEEam and thE codE for 

sustainaBlE homEs/EcohomEs
�

The benefits derived from the in use phase of insulation 
is illustrated within BREEAM[18] and the Code for 
Sustainable Homes (CSH)[19] through the large number of 
credits available for reducing operational CO2 emissions 
compared to those available for the use of low impact 
insulation. 

There are differences between the way insulation 
is assessed within BREEAM compared to CSH and 
EcoHomes. 

Within BREEAM 2008, one credit is available for 
specifying thermal insulation which has a low embodied 
environmental impact relative to its thermal properties. 
To be awarded the credit, the Insulation Index for the 

building insulation has to be ≥2. The Insulation Index is 
calculated by multiplying the volume weighted thermal 
resistance by the points related to The Green Guide 
rating attained by each insulation. An Insulation Index 
of ≥2 means that the average Green Guide rating of the 
insulation (based on thermal resistance) is an A or A+. 

If the insulation is incorporated as a component of an 
element that has been manufactured offsite, eg a wall 
or roof, and that element has been assessed as part of 
the Mat 1 credit (Materials Specification), then for the 
purpose of assessing the insulation for this BREEAM issue, 
a Green Guide rating of A+ should be used (see Table 5). 
The same rule applies to insulation that has a significant 

Table 4a: Code for Sustainable Homes (CSH) insulation related credits 

CSH (May 2009) Credit reference % point per credit Credit value Total % of points 
available 

Energy Ene 1, 2 1.26 17 21 

Insulation Pol 1 0.70 1 0.70 

Other materials Mat 1 0.30 15 4.5 

Table 4b: BREEAM 2008 new build insulation related credits 

BREEAM 2008 new build Credit reference % point per credit Credit value Total % of points 
available 

Energy Ene 1 0.79 15 11.9 

Insulation Mat 6 0.96 1 1.0 

Other materials Mat 1 0.96 4 3.8 

Table 5: Assessment of insulation within BREEAM and Code for Sustainable Homes (CSH) material credits 

Scheme Level Credit reference Assessment basis Insulation 

Within composite Separate layer 
component 

BREEAM All Mat 1 – Materials 
specification 
(major building elements) 

Green Guide Online, or 
bespoke Green Guide 
rating query if not listed 

Actual insulation BRE generic insulation 

Mat 6 – Insulation Always rated A+ Actual insulation 

CSH 1 to 4 Mat 1 – Environmental 
impact of materials 

Green Guide Online, or 
bespoke Green Guide 
rating query if not listed 

Non-HFC blown 
version of actual 
insulation 

BRE generic insulation 

5 to 6 Bespoke Green Guide 
rating query only 

Non-HFC blown version of actual insulation 

All Pol 1 – GWP of insulant 
blowing agent 

Manufacturer’s literature 
on blowing agent used 

GWP of actual blowing agent (where 
applicable) 

GWP = Global warming potential. 
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additional function, such as providing supporting 
structure, eg structural insulated panels (SIPs). 

Within the current version of the CSH and EcoHomes, 
insulation is assessed through the use of a pollution 
credit, GWP, of insulation blowing agents. The use of 
any insulation foamed using a blowing agent with a 
GWP of more than five (eg an HFC blown insulation) 
will prevent the award of this credit. Insulation within 
elements is assessed on the same basis as BREEAM 2008. 
However, where an HFC blown insulation is used within 
a composite, for example, the non-HFC blown equivalent 
should be assessed within the elements to prevent double 
counting. 

Within the BREEAM schemes, one credit is also 
available for the responsible scouring of insulation 
materials (the same number of credits that are available 
for the specification of thermal insulation which have 
a low embodied environmental impact). Within the 
CSH, the inclusion of materials is based on volume, and, 
therefore, insulation materials are excluded from the 
responsible sourcing credit due to the low density of these 
materials. 

thE Gwp of insulation BlowinG aGEnts 
BREEAM does not claim that pentane has a GWP of zero. 
It is believed, based on the IPCC report (see Box 1), that 
the GWP for pentane is not possible to calculate, but is 
very likely to be small and therefore the Department for 
Communities and Local Government (CLG) allow it as 
a blowing agent within insulations that are deemed to 
meet the CSH pollution credit dealing with insulation 
blowing agents with a GWP of less than five. The current 
CSH technical guidance states that pentane is a ‘blowing 
agents deemed to satisfy the issue requirements and/or 
believed to have a GWP of less than 5’. 

This credit is not assessed within BREEAM 2008 
onwards as these schemes use the Green Guide rating of 
insulation to cover this issue, where the impact of blowing 
agent is taken into account alongside other embodied 
impact aspects. However, it is still relevant within earlier 
versions for BREEAM and EcoHomes which use the same 
form of words as the code. 

BRE do not believe any authoritative GWP has ever 
been produced for pentane, though they have a huge 
range of literature citing various values, none of which 
lead back to an original source citing an assessed value. 

Box 1: IPCC report covering the global warming potential of pentane 

The IPCC/TEAP Special Report: Safeguarding the Ozone Layer and the Global Climate System (2005)[21] states that pentane has a 
lifetime of 0.01 years (3.65 days) (Table 2.6) and is, therefore, a very short-lived hydrocarbon (lifetime less than a month). The report 
provides information on the difficulties of calculating GWP for such hydrocarbons, copied below: 

2.5.3.3 Very short-lived hydrocarbons 
Assigning GWP values to very short-lived (VSL) species (species with a lifetime of a month or shorter) presents a special challenge 
(WMO, 2003, Chapter 2). Because of their short lifetimes VSL species are not uniformly distributed in the troposphere. Their 
distributions depend on where and when (during the year) they are emitted. Thus, it is not possible to assign a single steady-state 
change in burden in the troposphere per unit mass emission. In calculating the local change in radiative forcing, one would have to use 
their actual three-dimensional distributions. Furthermore, it is not obvious how one would estimate the change in surface temperature 
from the local changes in forcing. In a sense, the issue is similar to the situation for aerosol forcing. In such cases, the notion of GWP 
may prove less useful and one would have to examine the local climate impact directly, along with other indirect effects, such as ozone 
and aerosol formation. 

Given the infrared absorption cross-section of a VSL species, it is possible to use current tools to compute a local radiative forcing per 
unit burden change for a local column. This value can be used to obtain estimates for a GWP-like quantity by examining the decay rate 
of a pulse emission. In most cases this value will be small compared with the GWP value of the long-lived HCFCs and HFCs, and may 
indicate that the global impact from VSL species used as halocarbon substitutes is small. However, it is not clear how such forcing may 
produce impacts on a smaller (e.g., regional) scale. 

Additionally, the report provides some information on non-methane hydrocarbons (NMHCs) such as pentane in section 2.5.4, copied 
below: 

It has been estimated that the global mean direct radiative forcing attributed to anthropogenic emissions of NMHCs in the present-day 
atmosphere is unlikely to be more than 0.015 W m–2 higher than in the pre-industrial atmosphere (Highwood et al., 1999). This value 
is highly uncertain because of the large dependence on the vertical profiles of these short-lived gases, the natural contribution to the 
burdens considered and the area-weighted distributions of the mixing-ratio scenarios. The corresponding direct GWPs of the NMHCs 
are probably insignificant, because NMHCs have much shorter lifetimes than halocarbons and other greenhouse gases… 

…NMHCs can have an indirect radiative forcing through tropospheric chemistry interactions. As described in Section 2.5.3.2, 
methane concentrations increase when the hydroxyl radicals are consumed by the more reactive organic compounds emitted during 
anthropogenic activities. The photochemical production of ozone, also a greenhouse gas, is also enhanced by an increased burden of 
NMHCs…. 

… The GWPs attributed to the indirect chemical effects are much more important than their direct contribution to radiative forcing. 
However, the indirect GWPs of the alkanes and alkenes considered as replacement refrigerants are relatively small compared with 
other non-ozone-depleting halocarbons, and are highly uncertain. This uncertainty arises because the indirect radiative impacts of 
alkanes and alkenes depend strongly on the location and season of the emission, so it is difficult to give a single number that covers all 
circumstances and eventualities. 



   

       
  

  
 

 

     
  

  
 

      

     
     

 

 

10 EnvironmEntal impact of insulation 

5 assEssinG insulation within 

thE GrEEn GuidE
�

Insulation is assessed in two ways within The Green 
Guide. Firstly, insulation is included as a stand-alone 
element with its own functional unit (consisting of 1 m2 

of insulation with a thermal resistance of 3 m2/K/W). 
Insulation is then also assessed when included as a 
generic component within the other relevant building 
specifications for the external walls, roof and ground floor 
of buildings. 

5.1	� insulation as a stand-alonE 
ElEmEnt 

the functional unit used for comparative 
analysis of insulation as an element 
The basis for comparison of insulation materials used 
in The Green Guide is a common thermal resistance 
of 3 m2/K/W. The insulation materials assessed within 
The Green Guide have a range of conductivities so they 
need different thicknesses to provide the same thermal 
resistance. They also have a range of densities, so the 
density and the thickness necessary to provide the 
thermal resistance of 3 m2/K/W are both used to calculate 
the mass of insulation to provide the Functional Unit 
for comparison. For insulations that are used with an 
airspace, the emissivity of the materials can be taken into 
account within the calculation of the thermal resistance 
for the functional unit. 

All insulations have been compared on the basis of the 
same 60-year study period, assuming that they all provide 
continued thermal resistance and do not require any 
maintenance or replacement during that time. Impacts 
from installation such as transport, blowing and wastage 
are included in modelling the functional unit. At the 
end of the study period, the disposal of all insulations to 
landfill, incineration or recycling is modelled. 

The thermal insulation ratings listed in The Green 
Guide are provided in Table 6. The insulation ratings are 
the same for all building types covered by The Green 
Guide (domestic, health, commercial, retail, industrial, 
education). 

Additionally, a number of insulations have been 
Certified through the Environmental Profiles scheme. 
Resulting profiles and Green Guide ratings can be seen at 
www.greenbooklive.com.{14} 

5.2	� how insulation is usEd in othEr 
GrEEn GuidE ElEmEnts 

The Green Guide assesses the impact of insulation in 
construction elements on the basis of a ‘generic’ insulation 
which has the effective properties of a density of 37 kg/m3 

and conductivity of 0.032 W/mK. The generic insulation 
has been created using a combination of typical insulation 
types, as listed in Table 7. 

The exception to the use of the generic insulation type 
is where the insulation provides significant additional 
functions, such as a beam and expanded polystyrene 
block where the insulation provides a structural 
function. Additional situations are where the insulation is 
incorporated into the construction off-site, for example, in 
a composite insulation panel where the specific insulation 
is listed in the element description. 

In terms of end-of-life impact, a model has been 
employed for the generic insulation used within the 
Green Guide elements which represents the end-of-life 
wastage routes and impacts associated with these routes 
for mixed insulation waste disposal. The generic mixed 
insulation wastage model (Table 8b) is based on the end-
of-life wastage route for 50% mineral wool insulation and 
50% foam insulation (see Table 2). 

Table 8a shows that impacts associated with waste 
from construction and demolition are 19 % compared to 
the cradle-to-gate impact of the generic insulation, while 
the waste impacts at demolition are 24% of the cradle-to-
gate impact. The reason why the impacts are higher at the 
demolition stage is because it has been assumed that no 
waste goes to recycling, whereas a proportion does go to 
recycling at the construction/refurbishment stage (Table 8a 
and 8b). 

www.greenbooklive.com.{14
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Table 6: Summary of Green Guide ratings for thermal insulation 

Insulation specification Density Element number Summary rating 
(kg/m³) 

Cavity blown glass wool insulation 17 815320036 

Cavity blown stone wool insulation 30 815320037 

Cellular glass insulation 100 915320051 

110 915320052 

115 915320053 

120 915320054 

A+ 

A+ 

A+ 

A 

A 

A 

A130 915320055 

155 915320056 

165 915320057 

B 

B 

200 915320058		 C 

Corkboard insulation 120 815320021 

Dry blown recycled cellulose insulation 24 815320035 

Expanded polystyrene (EPS) 15 815320022 

20 815320023 

25 815320024 

30 815320025 

Extruded polystyrene (XPS) (HFC blown) 35 815320027 

Glass wool insulation 10 815320005 

12 815320001 

24 815320002 

32 815320003 

48 815320004 

80 915320059 

Rigid urethane (pentane blown) 32 815320017 

Sheep’s wool insulation 25 1115320021 

A 

A+ 

A+ 

A+ 

A+ 

A+ 

E 

A+ 

A+ 

A+ 

A+ 

A+ 

A 

A 

A+ 

AStone wool insulation		 100 815320011 

128 815320012 

140 815320013 

B 

B 

160 815320014		 C 

33 815320007 

45 815320008 

60 815320009 

80 815320010 

Straw bale used as insulation 815320029 

A+ 

A+ 

A+ 

A 

A 

Strawboard thermal insulation		 420 815320034 C 

Wet blown recycled cellulose insulation 45 815320039 A+ 



   

        
  

  - -              

 

  - -        - -  
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Table 7: Composition of generic insulation used in the 
Green Guide elements 

Insulation type % contribution to 
generic insulation 

Stone wool insulation 25 

Cellular glass insulation (foamed glass) 18 

Glass wool insulation 16 

Rigid urethane (pentane blown) 12.5 

Expanded polystyrene (EPS) 12.5 

Extruded polystyrene (XPS): CO2 blown 8 

Recycled cellulose insulation 5 

Phenolic pentane blown foam 3 

Table 8a: End of life impact of generic insulation compared with cradle to gate impacts 

Ecopoint score Impact comparison
LCA stage 

(per tonne) (%) 

Generic insulation used for Green Guide elements (cradle-to-gate) 9.7 – 

End-of-life impacts for generic insulation from construction 1.8 19 

End-of-life impacts for generic insulation from refurbishment 1.8 19 

End-of-life impacts for generic insulation from demolition 2.4 24 

Table 8b: End of life waste destination based on a mix of mineral wool and EPS foam insulation 

End-of-life waste destination (%) 
Data set 

Landfill Incineration Recycled 

Generic insulation from construction 65 10 25 

Generic insulation from refurbishment 65 10 25 

Generic insulation from demolition 90 10 0 
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6 KEY impacts and opportunitiEs 
for thE sEctor 

6.1 KEY impacts 
Figure 1 shows the Ecopoint ranges for the thirteen impact 
categories considered in The Green Guide – that is, the 
range from the minimum to maximum scores for each. 
Ecopoint scores are derived by multiplying the normalised 
score of an impact category by its weighting factor. The 
lower the Ecopoint value the less environmental impact 
that particular issue has. 

The Green Guide ratings for individual impacts can be 
obtained either from the publication, The Green Guide to 
Specification[3], or the online version[2]. 

Figure shows that in terms of Ecopoints, climate 
change and waste disposal are the most significant causes 
of impact associated with most of the insulations. The 
climate change impacts are linked to the use of fossil 
fuels as energy sources in manufacture, as feedstock raw 
materials or from emissions at end of life. However, as 
noted, when embodied energy is put in context of the 
whole life cycle, the operational energy benefits outweigh 
the impacts during manufacture and disposal. 

The climate change impact category is also influenced 
by the use of HFCs. HFCs have no ozone depletion, but 
have high GWP, and, therefore, have a significant impact 
with regards to climate change. HFCs are still used as 
possible blowing agents for rigid urethane and extruded 
polystyrene insulations. The industry is addressing 
this area by moving towards alternative agents, such 
as pentane and CO2, which are less environmentally 
damaging. There are also now hydrofluoro-olefin (HFO) 
blowing agents in development with expected GWPs of 
less than 10. 

In The Green Guide, as most insulation products 
receive an E rating in the eco-toxicity to land category, 
this might be interpreted to be a key impact. However, by 
examining the data provided in Figure 1, the minimum 
of the range is shown to be negative, while the maximum 
range is a very small number of positive Ecopoints. 
Therefore, although the majority of insulation products 
receive an E rating for this impact category, they actually 
all have almost no ecotoxicity to land and the significance 

Figure 1: Ecopoint ranges by impact category for insulation 
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of the impact is relatively small. The negative score for 
the toxicity to land category is derived from the straw 
insulation product, as straw takes up some of the heavy 
metals out of the earth as it grows, which results in the 
negative score – where the straw is landfilled at the 
end of life, these heavy metals are not returned to the 
environment within the model. The modelling of heavy 
metals through the life cycle of the plants is complex, and 
this is an area which has been identified for review within 
The Green Guide. 

For stone wool insulation, particularly those products 
with higher densities, minerals resource extraction 
becomes a key issue, as these products receive a rating 
of D or E for this impact category. However, reviewing 
the data in Figure 1 shows that in terms of Ecopoints this 
is not particularly significant in the context of the overall 
impact of the insulation. 

6.2 KEY opportunitiEs 
Most insulation products at present are not recycled or 
reused at the end of life and, consequently, the majority 
of these materials tend to end up in landfill. This is 
an area where significant environmental benefits can 
be realised if manufacturers in this industry can find 
innovative and inexpensive ways to recover and recycle 
their products on a mass scale to avoid the need for these 
materials to be landfilled. If the end-of-life waste can be 
used as an input to further insulation manufacture, then 
there will be additional benefits in reduced resource use. 

Significant progress has been made in reducing 
the use of blowing agents with detrimental impacts to 
stratospheric ozone through the implementation of the 
Regulation on substances that deplete the ozone layer 
EC 2037/2000[9]. HFCs are still in use as a blowing agent, 
although their use is declining, HFCs do not have an 
ozone depletion potential, but they do have a high GWP. 
It should be noted that there are now alternative HFO 
blowing agents and mixes in development with expected 
global warming potential of less than 10. 

Increasing the recycled content of insulation may 
provide some benefit in reducing the embodied impact 
for the product through minimising the need for virgin 
materials. Insulations such as glass wool products and 
cellulose have made progress in this area, with these 
products typically reaching high recycled content levels 
(see Table 1). The recycled content for non-renewable 
organic derived insulation products is minimal and this is 
an area where progress could be made. 

Although the operational energy savings derived 
through including insulation materials in the building 
fabric far outweigh the embodied energy associated with 
the products manufacture, savings in embodied energy 
could be made through the use of renewable energy. 

Benefits in CO2 savings can also be realised through an 
improvement in the thermal performance of insulation, 
and this could be vital if the 2016 targets for the 
improvement in the performance of buildings are to be 
met. 

The use of renewable bio-resins may also improved 
environmental performance for insulation materials. 
However, when looking to use renewable resins it would 
be important to consider the impacts for the manufacture 
of the renewable resin and ensure this does not exceed 
the impacts to manufacture fossil-fuel-based resins. 
Additionally, when using bioresins, land-use issues will 
need to be considered. 

6.3 whErE morE data arE rEquirEd 
While The Green Guide aims to cover all common types 
of insulation used by the construction industry, at the 
time of the development of The Green Guide the scope 
of insulation types assessed was limited by the data that 
could be provided by industry. Therefore, the scope of 
insulation products assessed within The Green Guide is 
not a comprehensive list and there are notable exclusions 
of insulation types, particularly for organic plant/animal 
derived products. The following are products which are 
not currently included: 
• Phenolic insulation 

Phenolic insulation is a thermoset polymer which uses 
phenolic resins mixed with an inorganic acid catalyst 
and a blowing agent (pentane) to turn the insulation 
into a foamed state. 

• CO2-blown XPS 
A version of extruded polystyrene made on the 
continent using CO2 as the blowing agent rather than 
HFCs. 

• Hemp fibre 
Hemp fibre contains hemp, waste cotton fibres and a 
small amount of thermoplastic polyester binding fibres. 
Chemical treatment is added to the hemp fibres to 
protect against fire and pests. 

• Cotton insulation 
Cotton insulation is made predominantly from waste 
cotton fibres (from the denim industry). Chemical 
treatment is added to the fibres to protect against fire 
and pests. 

• Flax 
Flax insulation is formed by combining flax, which 
is grown in Europe, with polyester, diammonium 
hydrogen phosphate and borax. 

• Exfoliated or expanded vermiculite 
Vermiculite is a natural mineral that expands with the 
application of heat and is exfoliated into lightweight 
pellets. Vermiculite is formed by hydration of certain 
basaltic minerals. Vermiculite is not a common 
insulation material used in construction. 

• Expanded perlite 
Expanded perlite is an amorphous volcanic glass that 
has a relatively high water content, typically formed by 
the hydration of obsidian. It is a lightweight aggregate 
predominately used in insulating plaster and concrete. 

• Innovative materials 
Novel insulation materials such as vacuum insulation 
panels, aerogels and flexible thermal linings, 

The intention is that when The Green Guide is updated, 
new data as appropriate will be included when available. 



 

 

157 conclusions 

As noted earlier in this report, the modelling of heavy 
metals through the life cycle of the plants is complex, and 
this is an area which has been identified as an area of 
further research. 

The end-of-life routes for insulation at construction, 
refurbishment and demolition are also an area where 
further evidence needs to be gathered. 

7 conclusions
�

Similarly, the decay of biomaterials within landfill is 
an area where there is little data and again, this has been 
highlighted earlier within this report as an area where 
further research is required. 

Although insulation products may not be inherently 
low-environmental-embodied-impact products, the 
operational energy savings they deliver when included 
in the building fabric far outweigh the embodied energy 
consumed during their manufacture. It is, therefore, 

important to take a whole-building life-cycle approach 
when looking at insulation materials, which is the 
approach that has been taken in The Green Guide and the 
linked building assessment tools, BREEAM and CSH. 
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environmental impact of insulation 
This report reviews how insulation materials have been assessed within The 
Green Guide to Specification, including the application of the Environmental 
Profiles methodology which underlies The Green Guide data. The way in which 
insulation is addressed within building-level environmental assessment schemes 
such as BREEAM and the Code for Sustainable Homes is also explained. 
The report will give manufacturers and specifiers a general understanding of the 
significant benefits and impacts of insulation products over their whole life cycle 
and help to identify opportunities for improvements to their environmental 
performance. 
It is part of a series that provides comparable information on cladding, floor 
finishes, insulation, masonry and concrete, metals, timber and windows to 
assess the environmental impact of specific construction materials. 
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